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LONG-TERM PAIN AND PSYCHOSOCIAL OUTCOMES IN 
 
CHILDREN FOLLOWING MAJOR ORTHOPEDIC SURGERY 
 
EMILIA MARIA C. CADIZ 
 
ABSTRACT 
 Chronic pain is a significant public health problem. A large portion of those with 
chronic pain have had their acute postsurgical pain transition into a chronic postsurgical 
pain state. The mechanisms contributing to pediatric persistent postsurgical pain is not 
well understood; however, there is empirical support in the adult literature to suggest that 
psychosocial factors play a significant role in the maintenance and exacerbation of post-
surgical pain. Recent research by our group found high pain prevalence rates up to 5-
years post-surgery among children undergoing spinal fusion surgery, particularly among 
those reporting poor pre-surgical mental health. The current study aims to extend this 
research by exploring psycho-social functioning and pain among children (10-21 years) 
who underwent major orthopedic surgery and their parents (n=21 dyads; data collection is 
ongoing).  
Measures administered 1-3 years post-surgery included pain ratings, the Bath 
Adolescent Pain Questionnaire (Child; Parental Impact), Fear of Pain Questionnaire, 
Functional Disability Inventory, and the Adult Responses to Child Symptoms. 
Preliminary results found that 52% of patients reported pain in the moderate-severe range 
in the past 6 months. Additionally, increased child pain was associated with greater child-
reported functional disability (p<.01), pain-specific anxiety (p<.01), and fear of pain 
(p<.05), as well as worse overall emotional functioning (p<.05). Parents of children with 
  vii 
increased pain reported worse parental strain (e.g., “found my relationship with my child 
difficult,” p<.05).  
Identifying correlates of poor long-term outcomes in children with postsurgical 
pain may prevent the development of chronic pain into adulthood. With recent economic 
costs of adult chronic pain estimated to be between $560-$635 billion per year research 
on the role of persistent pain in children is of upmost importance in order to positively 
impact pre-surgical preparation, postsurgical care, and in potentially preventing disabling 
pain into adulthood for a population at considerable risk.  
This investigation was supported by the Boston Children’s Hospital Career 
Development Fellowship Award (CS). 
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INTRODUCTION 
 
 Pain is a sensory experience that generally differs from patient to patient in 
experience and presentation. Many factors contribute to how pain is sensed, how it is 
experienced, and how it is presented in each patient. This introduction will briefly review 
the concepts and mechanisms of pain, more specifically chronic pain, and how surgery is 
a major antecedent to chronic pain. It will then discuss pediatric postsurgical pain and the 
psychosocial factors that might affect the development of pediatric postsurgical chronic 
pain in adolescents that have undergone spinal fusion surgery as treatment for their 
progressive adolescent idiopathic scoliosis. The population investigated was that of 
pediatric patients diagnosed with adolescent idiopathic scoliosis who initially presented 
with a spinal curve and had no prior pain problems. From this information, we could 
watch and observe all of the potential risk factors that could contribute to the 
development of long-term postsurgical pediatric pain. 
 
Chronic Postsurgical Pain 
 Tens of millions of Americans suffer from pain that persists for a long period of 
time, which is commonly referred to as chronic pain. This long-lasting pain costs 
Americans more than $100 billion dollars annually (Alford et al., 2010). This expense is 
composed of health care costs and lost productivity thus making chronic pain a health 
care issue of prime economic importance. Unlike acute pain, the root of most chronic 
pain is not too clearly understood. Along with the physical pain, most patients suffer 
emotionally as a result of chronic pain. Chronic pain affects 10% to 55% of the studied 
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populations (Harstall, 2003). With regard to gender, females have more negative 
responses to pain than males (Rotbøll Nielsen, Rudin, & Werner, 2007). Long-term pain 
can originate from surgical procedures, traumatic events, or neuropathic mechanisms.  
Surgery has been identified more and more as a precursor to the development of 
chronic, persistent pain which is loosely defined as pain that persists for a longer period 
of time than the expected healing time (Wong, Yuen, Chow, & Irwin, 2007). Patients are 
considered to be experiencing chronic postsurgical pain (CPSP) after meeting the 
following four criteria: pain developed after surgery, pain has persisted for at least 2 
months, other causes of pain have been ruled out, and prior problems that could 
potentially contribute to current pain must have been investigated and ruled out (Wong et 
al., 2007). An overwhelming amount – almost 25% -- of the more than 5000 patients 
referred to chronic pain treatment centers suffer from chronic postsurgical pain (Crombie, 
Davies, & Macrae, 1998). CPSP must be recognized and understood as prior acute 
postsurgical pain that has then transitioned into a chronic state. Emphasis must be placed 
on understanding this transition from acute to chronic, and the best way to understand 
this process is to study the time period duration of the patients’ surgical experiences (i.e. 
the perioperative time period).  
Many factors can affect the development of pain, specifically pain that develops 
after a surgical procedure as seen in Table 1 (Voscopoulos & Lema, 2010). These factors 
that then lead to the chronic pain can further affect patients’ functionality and daily life 
(i.e. sleep, school, work, mood, social life, quality of life, etc.). To completely understand 
the mechanism of chronic pain and its complexity, these biological, psychological, and 
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social factors of the patients’ lives must be studied further. The variables that can predict 
postoperative pain can be demographic, socio-cultural, psychological, and biological 
(Rotbøll Nielsen et al., 2007). Learning more about the predispositions each patient may 
have to developing persistent postsurgical pain will paint a clearer picture of what we can 
do to prevent it. Figure 1 indicates the predictors and risk factors of chronic post-surgical 
pain and shows the complexity of the pain process throughout the duration of the 
operative period. The list of predictors and risk factors can be placed into two groups: 
modifiable and non-modifiable. Both of these groups can affect whether or not acute pain 
will transition into chronic pain. Non-modifiable risk factors related to the patient include 
demographic factors like age and gender. Arguably, socio-cultural variables such as 
ethnicity and family background is also non-modifiable as the child did not choose the 
environment into which he or she was born. Regarding age, patients that are younger 
have a higher risk of developing persistent postsurgical pain (Massaron et al., 2007). 
Psychological factors in the preoperative stage include anxiety, depression, and 
catastrophizing. Pain catastrophizing is a negative response to pain that the patient 
anticipates or currently feels. This cognitive-affective approach has been linked to several 
pain-related outcomes which is why it is being looked in this study. For the intraoperative 
and postoperative healing periods, the most important biological predictors to look at for 
the development of chronic pain are as follows: type of surgery, location of surgery, and 
surgical technique (McGreevy, Bottros, & Raja, 2011).  
To learn more about why some people develop CPSP and why others do not, the 
biological, psychological, and sociocultural factors that can affect chronic pain were 
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investigated. Figure 1 shows the major players in chronic postsurgical pain development 
and pain disability over time (Katz & Seltzer, 2009). As seen in Figure 2, there are many 
combinations of factors during the perioperative time that can end up resulting in CPSP 
(McGreevy et al., 2011). Studies looking at these measures aim to put together 
preventative measures to avoid the transition of acute pain to CPSP. Preventative 
measures for avoiding CPSP involve avoiding intraoperative nerve damage and learning 
more about how to curb the effects of the psychosocial factors that are modifiable. 
Studies have given way to preventative analgesia (Katz & Seltzer, 2009). Also learning 
how to address and improve factors that are known to affect chronic pain. 
 
Table 1. Indicative factors that can lead to chronic pain after surgical procedure 
Preoperative pain at the site of surgery or other body regions 
Psychosocial and mood factors 
Coping Skills 
Surgical factors 
1. Nerve Damage (complicated aetiology likely than just nerve injury 
alone) 
2. Factors predisposing to prolonged inflammatory states (foreign 
materials) 
3. Volume of surgeries performed per year of given operation 
4. Recurrence of operation 
5. Type of surgery 
6. Length of surgery 
Genetic Predisposition 
Prolonged postoperative pain/inflammatory responses 
Duration of postoperative pain treatment 
Anaesthetic factors (general vs. regional, type of general anaesthesia) 
Gender (female) 
Type of disease 
Recurrence of malignancy 
Adjuvant therapy: radiation, chemotherapy (conflicting reports) 
Age (conflicting reports) 
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Figure 1. Factors in chronic postsurgical pain development and pain disability 
over time. The arrows indicate the connection between different factors that affect the 
development of chronic postsurgical pain over the course of time. Associative 
relationships reported in literature are indicated with double arrows between variables, 
and causal relationships are shown with single arrowhead. Figure taken from (Katz et 
al., 2009). 
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Figure 2. Predictors and Risk Factors of Chronic Post-surgical Pain. This is an 
illustration of the risk factors that can contribute to the development of persistent post-
surgical pain from preoperative, intraoperative and postoperative healing, and delayed 
postoperative standpoints (McGreevey, Bottros, & Raja, 2011).   
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Chronic Postsurgical Pain and Its Effects in Pediatric Patients 
 Chronic pediatric pain can result in severe, disabling symptoms that negatively 
impact a child’s day to day activity and function. Pain and functional disability are both 
experiences that vary and develop from person to person based on different “biological, 
psychological, individual, social and environmental” aspects (Carter & Threlkeld, 2012). 
The flow chart in Figure 3 was devised to visualize the effects that psychosocial factors 
(family factors, social environment and stressors, other illnesses, and psychological 
events) may have in developing chronic pain in pediatric patients after the onset of initial 
illness (Carter & Threlkeld, 2012). Pediatric patients experiencing chronic pain also 
experience emotional distress and disability in conjunction with the pain (Eccleston, 
Crombez, Scotford, Clinch, & Connell, 2004). Chronic pain in children can result in 
significant changes to family life and school life and has been found to affect daily 
activities and relationships such as performance and attendance at school, social 
functioning, and sleep (Logan & Scharff, 2005). Some psychosocial factors that can 
affect or contribute to chronic pain include stress, negative affective states, family 
response, and biological factors (Carter & Threlkeld, 2012). Nearly one-fourth of adult 
patients sent to chronic pain clinics reported having some sort of prior surgical procedure 
(Crombie et al., 1998), and therefore it is imperative that the factors resulting in persistent 
postsurgical pain are studied in the pediatric population in order to prevent chronic pain 
from developing into adulthood. When we study pediatric chronic pain, we must consider 
how it affects development on physical, social, psychological, and cognitive contexts as it 
differs from that of adult chronic pain (Finley, Chorney, & Campbell, 2014). Parent 
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distress and parent responses when related to a child’s pain significantly correlated with 
the functional distress of the child; furthermore, parents’ protective responses were found 
to party mediate the connection between parent distress and child functional disability 
(Sieberg 2011). The following factors and/or stressors can inform on underlying 
mechanisms that perpetuate the development of chronic pain: family, social environment, 
stressors, comorbidities, psychological events, pain catastrophizing, and perioperative 
pain levels. Previous research by our group has found that mental health seemed to be an 
important predictor for pain, but the questions that inquire about the psychological 
outcomes of pain are so vague. Our group, therefore, has deemed it useful to explore 
mental health more specifically to see its role in predicting postoperative pain and to 
investigate whether more pain specific mental health variables predict those who will be 
in the high pain trajectory group considering the Scoliosis Research Society’s mental 
health subscale was vague and not predicative (Sieberg et al., 2013). It has been found 
that family functioning is affected by a child with chronic pain as the pain interrupts 
everyday functioning and basic daily tasks such as sleep, school, and physical activity 
(Palermo, 2000). Families that had a child experiencing chronic pain were found to 
experience worse family functioning as the child’s disability due to pain increased 
(Lewandowski, Palermo, Stinson, Handley, & Chambers, 2010). Compared to 
adolescents who experience no pain, those with chronic pain feel more insufficient and 
less socially accepted (Merlijn et al., 2003). The effects of social environment on the 
patients can be a factor that develops into the perpetuation of pain and can include 
personality type (introverted or extroverted), social support, and solicitous responding 
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from family, friends, and parents (Palermo & Chambers, 2005). The recognition and 
study of family and school functioning and peer relationships are crucial to the 
understanding of the chronic pain experience so that we can be better at specializing the 
needs of pediatric patients and their pain assessment and management.  
 
Scoliosis 
 Scoliosis, the most common spinal deformity, in patients is classified according to 
its etiology: non-idiopathic or idiopathic. Non-idiopathic scoliosis can be classified into 
three groups—congenital, neuromuscular, and mesenchymal—which all result from 
different causes. Congenital scoliosis is a non-idiopathic form that is a result of the 
malformation of vertebrae (Konieczny, Senyurt, & Krauspe, 2013). Vertebral 
malformations can include hemiveterbra, unilateral bar or block vertebra and can develop 
anytime from birth up until adolescence. When vertebral malformations are found to be 
the cause of scoliosis, it is considered congenital scoliosis because genes such as human 
delta homologue (DLL3) and human jagged1 have been identified and associated with 
such vertebral malformations (Bulman et al., 2000) (Oda et al., 1997). Neuromuscular 
scoliosis is attributed to the patient’s deficiency in spinal stabilization (i.e. active muscles 
that act as support for the spine are inadequate). Neuromuscular scoliosis can result from 
prior diseases that cause insufficient spinal support such as cerebral palsy, spina bifida, 
and muscular atrophy or dystrophy. Lastly, mesenchymal scoliosis is a result of the 
patient not having enough passive stability in the spine. This results from conditions such 
as Marfan’s syndrome and osteogenesis imperfecta. 
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Figure 3. Explanation of potential effects psychosocial factors have on 
developing pediatric chronic pain. Children who develop chronic pain may have 
predisposing factors that if combined with a trigger event stressor could result in the 
initial illness and symptoms which if acted on by other family, environmental, 
psychological factors could result in the development of chronic pain. (Figure taken 
Carter and Threlkeld 2012). 
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A patient is diagnosed with idiopathic scoliosis only after all three non-idiopathic 
scoliosis types have been ruled out. Idiopathic scoliosis is further classified into infantile, 
juvenile, adolescent, and adult—birth to 3 years, 3 to 10 years, 10-18 years, and 18 years 
and older, respectively (Hresko, 2013). The prevalence of juvenile idiopathic scoliosis is 
10-15% out of all of the idiopathic scoliosis in children (Coillard, Circo, & Rivard, 2010). 
Left untreated, patients with juvenile idiopathic scoliosis can have later severe 
cardiopulmonary complications due to the effect of the spinal curvature on the thoracic 
cavity. Of the patients with a juvenile scoliosis curve of 30 degrees or greater, 95% 
progress into curves that necessitate surgical intervention (Coillard et al., 2010). 
Adolescent idiopathic scoliosis, the focus of the current investigation, makes up the 
remaining 90% of the idiopathic scoliosis cases in children and therefore has the highest 
prevalence among the child scoliosis cases. Lastly, the prevalence of adult idiopathic 
scoliosis rises from 8% to 68% in adults older than 25 and adults older than 60, 
respectively (Konieczny et al., 2013). The rise in the adult population older than 60 is a 
result of aging and spinal degeneration (O. D. Carter & Haynes, 1987). 
 
Adolescent Idiopathic Scoliosis 
Adolescent Idiopathic Scoliosis (AIS) is identified with the following criteria: a 
lateral curvature of the spine with a Cobb angle of greater than 10 degrees in conjunction 
with vertebral rotation. As seen in Figure 4, the Cobb angle can be found by measuring 
the angle between the two perpendicular lines that are drawn from the parallel lines that 
go through the most tilted superior and inferior end plates(Patias, Grivas, Kaspiris, 
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Aggouris, & Drakoutos, 2010). AIS develops in otherwise healthy pubescent children. Of 
the at-risk population of children between the ages of 10 and 16, 3% will have some 
curvature of the spine but most will not progress further to require any intervention 
surgical or otherwise. In the current literature, the prevalence of AIS ranges from 0.47-
5.2% (Konieczny et al., 2013). Ratios that range from 1.5:1 to 3:1 indicate that more 
females experience AIS than males as age increases (Konieczny et al., 2013). The 
prevalence of AIS in females compared to males can also be noted in the comparison of 
the Cobb angle ratios: 1.4:1 for Cobb angle of 10 degrees to 20 degrees and 7.2:1 for 
Cobb angles greater than 40 degrees (Konieczny et al., 2013). These ratios show that 
high-risk, progressive curves are more prevalent in younger females than males. The 
progression of the scoliosis can be linked to genetic factors that can also influence the 
incidence of AIS (Ward et al., 2010).  
Most adolescents present with curves that do not progress or worsen over the 
course of time. The curves that are considered at high risk for progressing and worsening 
from adolescence into childhood most often are treated surgically after exhausting non-
operative methods of treatment. Children that present with progressive scoliosis at a 
younger age are more likely to develop a more severe ultimate degree of scoliosis due to 
their skeletal immaturity (Alman, 2010). Once all other types of scoliosis have been ruled 
out, physicians need to assess the different factors that will affect the adolescent’s 
treatment plan. High risk progressive curves are the most concerning because of the 
effect that the curvature of the thoracic spine has on lung and chest volume (Dimeglio & 
Canavese, 2012). 
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Initially scoliosis is screened via physical examination. The symmetry of the spine 
and the back is observed, and those with an indication of a laterally bending spine would 
be flagged as someone with possible scoliosis. Spinal curvature and rotational value can 
be quantified using a scoliometer or inclinometer. Based on the degree of the inclination, 
patients’ curves are placed in three categories: insignificant, reevaluate with scoliometer 
in 6 months, need radiograph and Cobb angle measurement (Horne, Flannery, & Usman, 
2014). If the inclination angle measured by the scoliometer is less than 5 degrees, it is 
Figure 4. Diagram of Cobb Angle. The Cobb Angle is measured by taking the lines 
that are perpendicular to the lines parallel to the most tilted vertebra above the apex 
and the most tilted vertebra below the apex. Figure taken from Patias et al.,2010.  
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deemed insignificant and the patient will not be asked to obtain an x-ray. A patient 
presenting with an inclination angle between 5 to 9 degrees will be asked to return for 
reexamination and reevaluation in six months. Patients presenting with inclination angles 
of 10 degrees or greater need to get x-rays to evaluate the Cobb angle of the spine. As the 
Cobb angle increases, the risk of spinal curve progression increases given that the patient 
is still skeletally immature. The most important predictor of curve progression long-term 
is the magnitude of the initial Cobb angle (Horne et al., 2014). An initial Cobb angle 
measurement of 25 degrees was found to have a negative predictive value of 91.9% for 
curve progression to 30 degrees or more at the patient’s skeletal maturity (Tan, Moe, 
Vaithinathan, & Wong, 2009). This finding indicates that 25 degrees is the initial Cobb 
angle threshold that will determine whether or not the spinal curve will progress and 
worsen over time. Measuring these angles, finding those patients with high risk spinal 
curves, attempting to prevent the curve from progressing are all instrumental in avoiding 
highly invasive surgery. 
There are many varied avenues of treatment for scoliosis that range from the more 
common, less invasive non-operative treatment (i.e. observation, bracing, physical 
therapy) to the highly invasive operative treatment (i.e. spinal fusion surgery). The 
selection of the treatment plan depends on the severity of the curve, the patient’s skeletal 
maturity, and the likelihood of severe curve progression. Skeletal maturity is a significant 
predictor of curve progression. The velocity at which the adolescent’s spine grows 
directly correlates to the increase in severity of the curve and the progression of the 
diagnosed scoliosis (Hresko, 2013). The probability of curve progression increases the 
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more skeletally immature the adolescent is (Weinstein & Ponseti, 1983). Once skeletal 
maturity has been reached, it is very rare that curves less than 30 degrees would progress 
into more serious, disabling curves. 
Non-operative therapy includes physical therapy, chiropractic treatment, bracing 
and surface electrical stimulation. Often, in children less than 3 years old diagnosed with 
infantile idiopathic scoliosis, corrective casting is used to reduce the progressive spinal 
deformity. Past the age of 3 and into adolescence, progressive scoliosis is treated with a 
thoracolumbar orthotic brace. Many different brace types (i.e. Boston, Charleston, 
Providence, Rosenberger, and Wilmington) can be prescribed for those diagnosed with 
AIS depending on their case. These rigid bracing treatment plans are for those patients 
who have yet to reach skeletal maturity as discussed previously and for those who also 
have spinal curves between 25 and 45 degrees with the risk of progressing. Operative 
treatment is often suggested as the next stage of treatment for patients who have 
immature skeletons and progressive scoliosis that exceeds 45 degrees (Hresko, 2013). 
The most common nonsurgical treatment for AIS is thoracolumbosacral orthosis 
(TLSO), more universally known as rigid bracing. In this form of treatment, the patient is 
prescribed and fitted for a hard brace to wear for the majority of his or her day. Rigid 
bracing uses external forces to halt the progression of the scoliosis curve and to restore 
the normal curvature and alignment of the spine. This form of treatment is preferred for 
children and adolescents whose curves are between 25 and 45 degrees and are at risk for 
progressing to more than 50 degrees. Once curves reach the 50 degree mark and are still 
at risk for progressing, surgical intervention is suggested. Through a study called the 
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Bracing in Adolescent Idiopathic Scoliosis Trial (BRAIST), the efficacy of bracing has 
finally been proven to decrease the progression of high risk curves significantly 
(Weinstein, Dolan, Wright, & Dobbs, 2013). With the decrease of curve progression, 
patients who are successful with their bracing treatment plan can avoid the next step of 
treatment, which is surgical intervention. Those that are prescribed braces are told to 
wear the brace for 18 to 20 hours in a given day. The efficacy of the brace increases with 
the number of hours the brace is worn (Weinstein et al., 2013). A successful outcome of 
the rigid bracing treatment plan would allow the adolescent patient to reach skeletal 
maturity without curve progression of over 50 degrees. On the other hand, an 
unsuccessful outcome of the rigid bracing treatment plan would result in a curve 
progression to over 50 degrees prior to skeletal maturity in the patient. This unsuccessful 
outcome would ultimately necessitate surgical intervention.  
If rigid bracing and other non-operative treatments fail to halt the progression of 
the curve past 45-50 degrees, a more invasive operative treatment is suggested: spinal 
fusion surgery. Spinal fusion surgery is looked at as an option once the patient’s AIS 
curve has progressed to over 45-50 degrees prior to his or her reaching skeletal maturity 
or when the progression of the curve is consistent with the presentation of pain. Surgical 
intervention is conducted with the hopes of halting the progression of the curve, 
permanently correcting the spinal deformity in three dimensions, improving appearance, 
and avoiding the development of short-term and long term complications (Weinstein, 
Dolan, Cheng, Danielsson, & Morcuende, 2008). Figure 5 shows the radiograph of a 
patient with progressive AIS preoperatively and postoperatively. Considering the 
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connection between surgical intervention and the development of CPSP, this study aims 
to look at those patients who have already undergone corrective spinal fusion surgery and 
are in the postsurgical period to gain a better understanding of the prevalence of chronic 
pain in our patient population. 
As previously stated, patients undergo spinal fusion surgery involving the 
implantation of bone graft material and hardware (i.e. rods, screws, hooks) to prevent 
further curve progression in patients who have curves that progress over 45 degrees 
(Kleiber, Suwanraj, Dolan, Berg, & Kleese, 2007). On average, the duration of a spinal 
fusion surgery is 6-10 hours. This complex procedure has been identified as one of the 
most invasive orthopedic surgeries performed on pediatric patients. When a patient 
undergoes spinal fusion surgery, he or she typically stays in the hospital on average from 
5 to 6 days. Ideally, these patients also can return to regular activity 3-4 weeks after 
surgery, but unfortunately they cannot fully participate in all of their normal activities for 
at least 3-6 months (Kotzer, 2000). Due to the invasiveness and complexity of this 
procedure, several studies have found that patients who have undergone spinal fusion 
surgery in this population report acute post-operative pain in the moderate to severe range 
for days following surgery (Blumenthal, Borgeat, Nadig, & Min, 2006; Sucato, Duey-
Holtz, Elerson, & Safavi, 2005; LaMontagne, Hepworth, Cohen, & Salisbury, 2003;  
Jensen, Chen, & Brugger, 2003; Kotzer, 2000). Although these studies indicate acute 
post-surgical pain, we know that all persistent postsurgical pain was once identified as 
chronic pain. Thus, these initial findings are concerning to us and indicate that we need to 
investigate this further. 
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Pediatric Chronic Postsurgical Pain following Spinal Fusion Surgery 
 This study aims to look at the development of pediatric chronic postsurgical pain 
after the patients had undergone spinal fusion surgery as treatment for AIS. Posterior 
spinal fusion surgery has been found to reduce the back pain of about 75% of adolescents 
with idiopathic scoliosis (Landman, Oswald, Sanders, & Diab, 2011). So to see that there 
were high rates of pain following spinal fusion surgery have been recorded is quite 
interesting (Wong et al., 2007). From 68.8% to 64.4% of children who were 1 and 2 years 
removed from surgery, respectively, reported that they were experiencing mild to severe 
Figure 5. Preoperative and postoperative radiographs of posterior spinal fusion 
instrumentation in a patient with progressive AIS. The most common form of 
surgical treatment in progressive AIS patient is posterior spinal fusion surgery. (A) 
and (B) are preoperative standing posterior-anterior and lateral images, respectively. 
(C) and (D) are postoperative standing posterior-anterior and lateral images with 
visible instrumentation (Weinstein et al., 2008). 
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postsurgical pain in the past 6 months (Landman et al., 2011). Although these findings 
highlight the need to study postoperative pain in patients with AIS, grouping patients 
with mild and severe pain does not allow a fair estimation of clinically significant 
postoperative pain prevalence. A recent study conducted by Sieberg and colleague (2013) 
(see Figure 6) found that 15% of patients with AIS reported moderate to severe pain five 
years after undergoing spinal fusion surgery. Interestingly, when examining predictors of 
pain, it is noteworthy that surgical and scoliosis variables, such as severity of and location 
of pre-operative curve and surgery type, did not significantly impact pain outcomes 
suggesting the impact of other variables (e.g., mental health, biological) that may 
influence postsurgical pain outcomes. Although the “high pain” trajectory had moderate 
to severe levels of pain at each time point (pre-surgery, 1, 2, and 5-years post-surgery), 
pre-operative mental health and self-image was not predictive of this trajectory as it was 
for the other pain trajectories. Despite the null findings of mental health being a predictor 
of the high pain trajectory, further assessment of mental health functioning as potential 
risk factors is needed. The mental health subscale of the Scoliosis Research Society – 
Version 30 (SRS-30) measure that was used in this study is quite broad. The questions 
are general and do not target variables such as fear of pain, acceptance of pain, and pain 
catastrophizing, which all have been identified in the literature as being important in the 
maintenance and exacerbation of pain in children (Simons, Sieberg, Carpino, Logan, & 
Berde, 2011).  Future research should include such mental health constructs when trying 
better to understand the role of mental health in post-surgical pain outcomes. Another 
important consideration that was not included in the mental health domain but is an area 
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of important future research is the study of the social context of pain. For children living 
with chronic pain, parent factors such as distress as well as behavioral responses have 
been shown to significantly influence children’s pain and functional outcomes (Claar, 
Simons, & Logan, 2008). The aim of the current investigation is to explore the role of 
these psychosocial factors in post-operative pain.  
 
Specific Aims and Objectives 
 The existence of persistent postsurgical pain presents us with a significant 
opportunity to investigate the specific factors that may contribute to the development of 
chronic pain. In this study, we aim to examine the effects of psychosocial outcomes on 
persistent post-surgical pain in patients with adolescent idiopathic scoliosis (AIS) who 
have undergone spinal fusion surgery as treatment for their AIS. Specifically, this project 
extends the prior research by exploring psychosocial functioning and pain among 
children aged 10-21 who underwent spinal fusion surgery and their parents or guardians. 
While the definition of CPSP is rather ambiguous, the International Association for the 
Study of Pain (IASP) currently defines it as pain persisting at least 3 months post-
operatively. With regard to spinal fusion surgery, patients are expected to return to 
activities by 6 months after surgery. In this case, then, the acute phase of pain during the 
postoperative period can reach up to 6 months after surgery which by definition is 
considered chronic by IASP. Through the administration of online questionnaires, this 
cross-sectional, observational study strives to indicate the patient and parent psychosocial 
factors associated with postsurgical pain and functional disability in AIS patients 8 to 36 
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months after undergoing spinal fusion surgery. The goal is to investigate psychosocial 
conditions and predictors that could contribute to the development of chronic postsurgical 
pain. Similar to previous research performed with this patient population, we expect the 
prevalence of pain (Landman et al., 2011). In previous studies by our group, five different 
pain trajectories were found: no pain, pain improvement, short-term pain, delayed pain, 
and high pain (Sieberg et al., 2013). Through this project, we strive to gain a better 
understanding of the predictors of the high pain trajectory group, We hypothesize that 
those patients who still report and experience pain 1-3 years after surgery would have 
some sort of functional disability, anxiety disorder, fear of pain, and worsened quality of 
life overall.  
With regard to the parent-child relationship, we hypothesize that protective parent 
responses to pain will be associated with postsurgical pain and functional disability in 
their child. Similarly, we hypothesize that those parents who report higher levels of stress 
that has arisen from their child’s pain would be associated with postsurgical pain and 
functional disability in their child’s postsurgical experience. We also hypothesize that 
those patients that indicate high levels of distress will be associated with the development 
of persistent postsurgical pain and functional disability. We hope gain a better 
understanding of the correlates and predictors that determine which patients that undergo 
spinal fusion surgery as treatment for AIS go on to develop persistent postsurgical pain. 
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Figure 6. Pain trajectories of pediatric spinal fusion patients preoperatively and 
1, 2, and 5 years postoperatively. Most patients reported moderate to no pain 
preoperatively, and 83.7% of participants reported no pain post operatively and 
preoperatively or pain improvement at the 5 year point. Patients were placed into 5 
trajectory groups: no pain, pain improvement, short-term pain, delayed pain, and high 
pain. These groups allow us to see the varied outcomes of pain through different time 
points (Sieberg et al., 2013). 
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METHODS 
 
 This cross-sectional, observational, non-interventional study explores patient and 
parental psychosocial factors associated with persistent postsurgical pain and functional 
disability in AIS patients between 8 and 36 months postoperatively. Predictors in this 
study consist of psychological variables. The primary outcomes in this study are pain and 
functional disability which are both measured by the Numerical Rating Pain Scale (NRS) 
and the Functional Disability Inventory (FDI), respectively. The following methods were 
taken from Institutional Review Board (IRB) Protocol #IRB-P00005522. 
 
Patient Selection and Inclusion/Exclusion Criteria 
  In the selection process, we included patients aged 10-17 who were diagnosed 
with AIS and who underwent spinal fusion surgery as treatment and their parents and/or 
legal guardians, patients who underwent spinal fusion surgery between 8 and 36 months 
prior, and patients and their parents and/or legal guardians whose English abilities were 
sufficient enough to complete the questionnaire measures. We excluded patients with co-
morbid medical and/or pain conditions (i.e. cancer, sickle-cell anemia, juvenile idiopathic 
arthritis) which would potentially confound the data and those patients with cognitive 
impairment by history (i.e. mental retardation, severe head injury, neurological trauma). 
Those patients who met the inclusion criteria and did not have any of the exclusion 
criteria were identified from medical records held by the Department of Orthopedic 
Surgery at Boston Children’s Hospital. 
 
 24 
Patient Recruitment and Compensation 
The individuals who met the study criteria mentioned in the previous section were 
invited to participate in the study via a recruitment packet sent to their home address. The 
recruitment packet included an informational flyer about the study, a letter from our 
research group, and an opt-out postcard that offers them the option of not participating 
and not being further contacted. Prospective participants were then contacted via 
telephone 7 to 10 days after the recruitment packets were sent out. These follow-up 
phone calls served to answer questions or concerns the prospective participants and their 
parents and/or guardians might have had and to explain the study further. Once verbal 
consent was obtained from the patient and the patient’s parent and/or guardian, we sent 
consent and assent forms via e-mail or mail. The REDCap study measures questionnaire 
was released once consent from the parents and/or guardian and assent from the 
adolescents were obtained. 
Any individual who chose to participate in this study did so voluntarily. Neither 
the patients nor the parents and/or guardians received payment for completing the 
REDCap study measures questionnaire. Upon REDCap completion, the participants were 
entered into a drawing to win an iPad. 
 
Data Collection Methods 
 We collected data by distributing electronic questionnaires through REDCap data 
capture tools hosted through Boston Children’s Hospital. REDCap technology provided 
us with an intuitive interface for validated data entry, audit trails for tracking data 
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manipulation and export procedures, automated export procedures for seamless data 
downloads to common statistical programs and packages, and procedures for importing 
data from external sources. 
 After obtaining verbal consent over the telephone and verifying the authenticity of 
the subject, we sent e-mails to them and their parents and/or guardians that contained a 
link to the secure site of the REDCap questionnaire. All of the data was collected as each 
dyad (patient and parent and/or guardian pair) completed their respective portions of the 
questionnaire. The blind carbon copy function was used when sending e-mails so that the 
subjects were not able to view the names of other study participants or to reply-all to the 
other e-mail recipients. Just in case an e-mail was sent to the wrong address, all e-mails 
included an error message which stated that the recipient should contact us immediately 
if they received the REDCap Questionnaire e-mail in error.  
 
REDCap Questionnaire Assessments 
 The construct of the parent and patient measures with corresponding variables can 
be seen in Table 2 and has been edited from the original IRB protocol. 
 
A. Parent and/or Guardian Measures 
 Once the parent and/or legal guardian has access to the REDCap questionnaire, 
they were asked to provide the following information: Demographics, Bath Adolescent 
Pain-Parent Impact Questionnaire (BAP-PIQ), and Adult Responses to Children’s 
Symptoms (ARCS). 
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The demographics we asked the parent and/or guardian to provide us with 
included the following: a) patient’s date of birth, b) patient’s gender, c) patient’s ethnic 
background, d) patient’s grade in school, e) relationship to patient, f) marital status, g) 
ethnic background, h) level of education, i) occupation. 
 The Bath Adolescent Pain-Parent Impact Questionnaire (BAP-PIQ) measured 
parent distress in the context of children’s pain (Jordan, Eccleston, McCracken, Connell, 
& Clinch, 2008).  The BAP-PIQ was a 64-item multidimensional self-report inventory 
with multiple scales to assess changes in parents’ functioning and behavior associated 
with parenting an adolescent with chronic pain.  The subscales that were examined in this 
study include depression, anxiety, catastrophizing, and helplessness.  Higher scores on 
the BAP-PIQ indicated higher levels of distress.  The stem for each item was, “In the last 
2 weeks living with my child in pain I have…” (e.g., “felt sad”; “not been able to get my 
mind off my worries”; “thought my child’s pain would get worse”; “thought that I had 
failed my child”).  This measure was estimated to take between 5-10 minutes to 
complete.    
 The Adult Responses to Children’s Symptoms (ARCS) assessed parents’ 
responses to their children’s pain in three subscales; parent protectiveness, minimization 
of pain, and encouraging and monitoring (Van Slyke & Walker, 2006).  The stem for 
each item was, “When your child has pain, how often do you …?”  Responses were rated 
on a 5-point scale ranging from “never” (0) to “always” (4), and subscale scores were 
computed by calculating the mean ratings for items on each subscale. Higher scores on 
the ARCS indicated higher levels of parent protective responses. Examples include: 
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“bring your child special treats or little gifts,” and “let your child stay home from 
school.” This measure was estimated to take between 5-10 minutes to complete.      
 
B. Child Patient Questionnaire 
 The patients were asked to supply us with the following information via REDCap: 
Numerical Rating Pain Scale (NRS), Bath Adolescent Pain Questionnaire (BAPQ), 
Functional Disability Inventory (FDI), and Fear of Pain Questionnaire-Child Version 
(FOPQ-C). 
 In the Numerical Rating Pain Scale (NRS), patients were be asked to provide 
their typical/usual daily average pain rating on a standard 11-point numeric rating scale 
from 0 to 10, where the former is no pain and the latter is the most pain possible (von 
Baeyer et al., 2009). This measure was estimated to take less than 1 minute to complete.    
 The Bath Adolescent Pain Questionnaire (BAPQ) was a 61-item 
multidimensional self-report inventory with multiple scales to assess the seven domains 
of functions affected by pain: social functioning, physical functioning, depression, 
general anxiety, pain specific anxiety, family functioning, and development (Eccleston et 
al., 2005).  With the exception of the developmental subscale, participants were asked to 
score each item on a five point scale between 0 (never) and 4 (always).  Examples 
included “I go out and meet friends” and “I need help with dressing or bathing.”  Higher 
scores on the BAPQ indicated higher frequency.  For the development subscale, 
participants indicated their perception of their progress in comparison with their peers, 
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where responses potentially ranged from 0 (very behind) to 4 (very ahead).  Examples 
included “My progress in school” and “My overall confidence around other people.” 
 The Functional Disability Inventory (FDI) was a 15-item self-report measure 
assessing children’s perceived difficulty in physical and psychosocial functioning that is 
due to physical health (Walker & Greene, 1991). Children rated the degree to which they 
had any trouble completing activities in the past two weeks on a five-point scale ranging 
from “No Trouble” to “Impossible.”  Items were summed for a total score and higher 
scores represented higher levels of functional disability. This measure was estimated to 
take between 5-10 minutes to complete.       
 The Fear of Pain Questionnaire- Child Version (FOPQ-C) assessed child pain-
related fears (Simons et al., 2011). Specific items included the following: “I worry when 
I am in pain” and “I put things off because of my pain”. It was comprised of 24 items 
rated on a 5-point scale from 0= strongly disagree to 4= strongly agree. Items were 
summed to derive a total score. Higher scores indicated high levels of pain-related fear. 
 
Adverse Event Criteria and Reporting Procedures 
 There were minimal risks associated with the measures used in this study. The 
answers to the questionnaires were evaluated by a member of the research team, and 
communicated directly to our principal investigator, a licensed psychologist and a co-
investigator on the study.  Clinically significant levels of anxiety or patterns of negative 
thinking may be identified from the psychological surveys.  In these circumstances, our 
principal investigator and licensed clinical psychologist determined the appropriate 
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course of action in accordance with best clinical practice.  If a participant were distressed, 
caregivers would have been offered a referral to outpatient (Medical Coping Clinic) 
psychiatric services, with contact facilitated upon request. Additionally, consultation 
regarding any interviewee that may be experiencing distress was provided by the 
principal investigator. Given that we were assessing psychological distress, plan of action 
was in place if any risk of suicidality was discovered from reviewing questionnaire data. 
If there were any indication of risk of self-harm or suicidality, a suicide risk assessment 
would have been conducted and a mental health clinician would have decided on the best 
course of action to ensure the safety of the child or parent. If we encountered a potential 
discovery of child abuse, the Child Protection Team at Children's Hospital would have 
been consulted and a 51-A filed in accordance with that consultation. 
 
Data Management  
 All of the data collected from the online questionnaire was exported from 
REDCap into Statistical Package for the Social Sciences (SPSS) software package for 
statistical analysis. All collected data remained in password protected files on Boston 
Children’s Hospital computers. The hospital system provided nightly back-up of files 
stored on its server. All hard copies of the data were stored in a locked file cabinet 
separate from documentation containing identifying information. Those documents that 
contained identifying information were also stored in separate locked filing cabinets. 
Only approved research staff that have been cleared by Boston Children’s Hospital and 
that were listed on the Institutional Review Board (IRB) Protocol had access to these 
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files. All relevant data was de-identified. Data analysis was conducted using the SPSS 
software. 
Table 2. Parent and Patient measures with corresponding variables 
Construct Measure(s) Scores used as variables Role in analyses 
Demographics Provided by 
parents via 
REDCap and by 
chart review of 
BCH records 
Patient’s date of birth, 
patient’s gender, patient’s 
ethnic background, patient’s 
current age, patient’s age at 
surgery, relationship to patient, 
parental ethnic background, 
parent highest level of 
education, occupation 
Descriptive 
Psychosocial 
Predictors 
Obtained via 
REDCap  
BAP-PIQ, 
ARCS, BAP-Q,  
FOPQ-C 
Total scores and subscale 
scores as applicable 
Predictor value 
Psychosocial 
Outcomes 
Obtained via 
REDCap  
FDI 
Total scores and subscale 
scores as applicable 
Outcome 
Pain Obtained via 
REDCap  
NRS 
Pain score Outcome 
 
 
Quality Control Methods 
 All questionnaire data collected for the study was entered and verified 
electronically using the SPSS DataBuilder program. All entered data was reviewed by the 
Principal Investigator for accuracy and completeness. 
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Data Analysis Plan 
 Baseline demographic, surgical, and pain variables were collected and assessed to 
identify possible covariates with pain scores. Subjects that report NRS Pain Score of 0-4 
will be placed in a non-clinically significant group meaning that they experience no pain 
to mild pain. Subjects that report NRS Pain Score of 5-10 will be placed in a clinically 
significant group meaning that they experience moderate to severe pain. According to 
previous research, we have hypothesized that 25% of the participants will report 
experiencing chronic pain postsurgery, and we aim to examine this in this cohort of 
pediatric patients undergoing spinal fusion surgery(Sieberg et al., 2013). We also will 
conduct bi-variate correlations to look at the relationship between the prevalence of pain 
and functional disability as chronic pain is often associated with functional disability and 
that we expect pediatric postsurgical pain after spinal fusion surgery would be associated 
with greater functional disability.  
 With regard to the second hypothesis about how levels of parental distress as a 
result of their child’s pain and protective parent responses affects the patients’ 
postsurgical pain and functional disability, we looked at the bivariate correlations of these 
two measures.  Lastly to determine how child distress is associated with chronic 
postsurgical pain and functional disability in our patient population that has undergone 
spinal fusion surgery, we will assess the data using bivariate correlations that include the 
following measures: total pain scores on NRS and total FDI.  
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Statistical Power and Sample Considerations 
 Using a general power analysis program (GPOWER), a sample size of 92 was 
determined adequate for an F-test in multiple regression, a priori analysis, an effect size 
of f2=0.15 (medium effect), a significance level of .05, and power of 80% (Erdfelder, 
Faul, & Buchner, 1996). From this finding, we proposed that a sample size of 100 
patients would be sufficient to test for up to 5 covariates in the regression models since it 
was recommended that 20 subjects per independent variable tested to maintain stable 
regression coefficients for determining and analyzing the effects of predictor variables 
(Erdfelder et al., 1996). Our preliminary results, as discussed in the results section, is 
under-powered, and therefore, data collection is ongoing. 
 
Description of Risks and Discomforts 
 We believed that the risks and discomforts to participants were minimal. This 
study required no physical risks and our study procedures were not expected to be 
harmful or dangerous in any way to any participant. The researchers involved in this 
study explained to the participants that all information attained from the study was kept 
confidential and anonymous. Participants were also assured that the goal of the study was 
to understand and examine more closely the pain that could be associated with having 
major orthopedic surgery such as spinal fusion surgery. 
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Privacy and Confidentiality Provisions 
 Identifying information was not stored in or entered on the computer that 
contained behavioral data. All relevant data other than separated consent forms were de-
identified. To protect the privacy of the child participant, both the child and parent and/or 
guardian were informed that the assessments are private and no information was shared 
with the parents unless the child consents or unless there was a possibility of immediate 
harm to the participant. Research records were not made available to any individuals who 
were not part of the research team. No sensitive information was included in e-mail 
notifications to study participants. All e-mail correspondence was conducted via parent 
and/or guardian participants. We used a password-protected link as a way to authenticate 
the identity of the participant responding to the survey. Parent and child participants had 
separate links to surveys. During the introductory phone call, we informed the 
participants that they can elect to complete paper questionnaires if they so desired.   
 34 
RESULTS 
 
Chart reviews of patient records from Boston Children’s Hospital and REDCap 
Questionnaire were conducted to obtain the following information: Patient demographics, 
parent and guardian demographics, surgical variables, pain outcomes, and child and 
parent assessments. 
 Measures administered 8 months to 3 years post-surgery included pain ratings, 
the Bath Adolescent Pain Questionnaire (Child; Parental Impact), Fear of Pain 
Questionnaire, Functional Disability Inventory, and the Adult Responses to Child 
Symptoms. Of the 247 patients provided by the Department of Orthopedic Surgery, 23 
parent/guardian-child pairs were sent REDCap Questionnaires to complete. Of the 23 
pairs, 22 children and 23 parent/guardians completed the measures. 21 parent/guardian-
child dyads consented, assented, and completed the online REDCap questionnaire. The 
data collection is still ongoing, and the following preliminary results are analyzed using 
the first 21 dyads that were completed. 
 
CHILD RESULTS 
Child Descriptive Statistics 
 In accordance with the increased prevalence of AIS in females compared to 
males, the 22 patients who participated in this study consisted of 5 males and 17 females. 
The ages of the patients when the spinal fusion surgery was performed ranged from 17.4 
to 12.2 years of age, oldest to youngest, respectively. The mean of the patients’ ages at 
surgery was 14.42 (males = 15.82 and females = 14.01). Of the patients that provided 
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their race (n=22), 2 females were African American/Black and the rest of the participants 
were White/Caucasian. Child patient descriptive data can be found in Table 3. 
 
Table 3. Child Patient Descriptive Data 
Characteristic 
Total 
Participants 
 (N=22) 
Females  
(N=17) 
Males  
(N=5) 
Age at surgery – year (average) 14.8±2.6 
(14.42) 
14.5±2.3 
(14.01) 
15.8±1.6 
(15.82) 
Race – number (%)    
White 19 (86.36) 14 (82.35) 5 (100) 
Black 2 (9.09) 2 (11.76) 0 (0) 
Other 1 (4.55) 1 (5.88) 0 (0) 
Unknown/Not Reported 0 (0) 0 (0) 0 (0) 
Born Prematurely – number (%) 2 (9.09) 2 (11.76) 0 (0) 
Height at surgery – cm (average) 165.1±13.9 
(162.41) 
162.1±10.9 
(160.39) 
167.5±11.5 
(169.3) 
 
Surgical Details 
The surgical variables of each pediatric patient was found via chart review of the 
records held by Boston Children’s Hospital Department of Orthopedic Surgery and are 
indicated in Table 4. Of the 21 spinal fusion surgeries performed on this group, 20 used a 
posterior approach, and 1 used an anterior approach. The surgeries were performed by 
one of five orthopedic surgeons that work out of the Department of Orthopedic Surgery at 
Boston Children’s Hospital. The duration of the spinal fusion surgeries ranged from 3 
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hours and 2 minutes to 8 hours and 6 minutes. The scoliosis angles of the patients ranged 
from 80 degrees to 40 degrees prior to surgery. The number of nights stayed in the 
hospital postoperatively ranged from 4 nights to 8 nights (mode = 6 nights). 
 
Table 4. Child Surgical Variables 
Variables 
Total 
Participants 
(N=21) 
Females 
(N=16) 
Males  
(N=5) 
SRS Curve Classification – number (%)    
Thoracic 5 (23.81) 3 (18.75) 2 (40) 
Thoracolumbar 8 (38.10) 6 (37.5) 2 (40) 
Double Major 2 (9.52) 2 (12.5) 0 (0) 
Double Thoracic 1 (4.76) 0 (0) 1 (20) 
Thoracic and thoracolumbar 4 (19.05) 4 (25) 0 (0) 
Triple 1 (4.76) 1 (6.25) 0 (0) 
Cobb angle of Largest Curve – degrees 
(average) 
67.5±22.5 
(58.57) 
55.5±10.5 
(56.25) 
67.5±22.5 
(66) 
Fusion Length – no. vertebrae involved 
(average) 8±5 (9.48) 
7.5±4.5 
(9.19) 
10.5±2.5 
(10.4) 
Surgical Approach – number (%)    
Posterior Spinal Fusion 20 (95.24) 15 (93.75) 5 (100) 
Anterior Spinal Fusion 1 (4.76) 1 (6.25) 0 (0) 
Duration of Surgery – hours (average) 
5.32±2.2 
(5.41) 
5.43±2.08 
(5.22) 
5.29±2.18 
(6.01) 
Duration of Hospital Stay – no. of nights 
(average) 
5.5±2.5 
(5.24) 
5.5±2.5 
(5.25) 
5.5±0.5 
(5.2) 
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Pain Scores 
 This set of questions aimed to determine the level of pain each patient has 
experienced since their spinal fusion surgery. The frequency of pain outcomes can be 
found in Table 5. It asked about current pain, pain in the past week, and pain in the past 6 
months. Of the 21 patients who participated in this study, 20 (95.2%) reported currently 
experiencing none to mild pain, and 1 (4.8%) reported currently experiencing moderate 
pain. When asked about the worst pain they experienced in the past week, 31.8% reported 
moderate pain and 63.64% reported none to mild pain. Similarly, when asked about worst 
pain in the last month, 38.1% reported moderate pain, and 61.9% reported none to mild 
pain. In regards to the worst pain experienced in the past 6 months, 47.6% reported none 
to mild pain, 42.9% reported moderate pain, and 9.5% reported severe pain. As seen in 
Figure 7, the pain variables for the worst pain experienced in the past 6 months were then 
dichotomized, and we found that 52.4% of the 21 participants experienced moderate to 
severe pain in the past 6 months.   
 
Table 5. Frequency of Pain Outcomes  
N=21 
Current 
(%) 
Last Month Worst 
(%) 
Last 6 Months Worst 
(%) 
None to Mild Pain 
20  
(95.2) 
13 
(61.9) 
10 
(47.6) 
Moderate 
1 
(4.8) 
8 
(38.1) 
9 
(42.9) 
Severe 
0 
(0) 
0 
(0) 
2 
(9.5) 
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Functional Disability Index 
 As mentioned before, the Functional Disability Inventory (or Index) is a self-
reporting measure to assess the child’s perceived difficulty day to day functioning. FDI 
scores were placed into three disability groups: low disability, moderate disability, and 
high disability. The low disability group was defined by lowest total FDI score, which 
was 0 to 12. The moderate disability group contained FDI scores 13 through 29, and the 
high disability group included FDI scores of 30 or higher. As seen in Figure 8, all (100%) 
of the 21 participants scored in the low disability group as the total FDI scores ranged 
from 0 to 9. The mean Functional Disability Index score for the 21 participants was 2.67 
with a standard deviation of 2.85. The higher the FDI score the more functional disability 
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Figure 7. Child self-reported 6 month worst pain dichotomized. Percentages of 6 
month worst pain experienced by patient. 47.6% reporting none to mild pain vs. 
52.4% reporting moderate to severe pain in the past 6 months. Taken from the NRS 
outcomes from the Parent REDCap Questionnaire. 
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the patient experiences. Some reported little trouble in “doing activities in gym class, 
“being at school all day,” “being up all day without nap or rest,” “getting to sleep and 
staying asleep at night,” and “riding the school bus or traveling in the car.” But none of 
the participants were so disabled by their pain that they thought one of these “little 
trouble” activities were “a lot of trouble” or even “impossible.” 
 
 
 
 
Fear of Pain Questionnaire 
 The Fear of Pain Questionnaire (FOPQ) scores for each participant indicates the 
child’s pain-related fear. The average FOPQ score was 16.52 with a standard deviation of 
33.3
19
4.8
19
4.8 4.8
9.5
4.8
0
5
10
15
20
25
30
35
0 1 2 4 5 6 7 9
P
er
ce
n
t 
 (
N
=
2
1
)
Total Child FDI Score
Frequencies of Total Child FDI Scores
Frequency
Figure 8. Frequencies of Total Child FDI Scores.  The blue bars indicate that all of 
the participants scored in the low disability group scoring between 0-12 Total 
FDI Score 
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14.64, and a median score of 13. As seen in Figure 9, he scores ranged from 0 to 61 in the 
participant group of 21. The higher reported FOPQ score the more the child has pain-
related fear. Patients then placed into one of the three groups according to their total 
FOPQ score: low pain-related fear (0-34), moderate pain-related fear (35-50), and high 
pain-related fear (51 and up) groups. Of the 21 participants, 20 (95.2%) were placed in 
the low pain-related fear group, and 1 (4.8%) was placed in the high pain-related fear 
group.  
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Figure 9. Frequency of Total FOPQ Scores. Red indicates that this participant fell 
in the high pain-related fear group. All other participants in blue were grouped in 
the low pain-related fear group. 
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Bath Adolescent Pain Questionnaire 
 The Bath Adolescent Pain Questionnaire (BAPQ) assessed seven domains of 
functions affected by pain in Table 6: social functioning, physical functioning, 
depression, general anxiety, pain related anxiety, family functioning, and development. 
The higher the BAPQ score indicates worse functioning in that area or domain. 
 The BAP-Q also measures how the child his or her own family life. These results 
can be seen in Table 7. Most of the participants stated that they were “close to other 
family members” or they have a “well-functioning” and “happy” family. According to 
the children, the overwhelming majority of them has positive perceptions about their 
family life. 
 When asked to compare themselves to other children who have pain, 49.18% of 
the participants believed that they were developmentally ahead (20.25% and 28.93% a 
little ahead and very ahead, respectively). The pie chart in Figure 10 shows that only 
12.81% of the children perceived themselves to be behind developmentally. They 
reported being developmentally ahead of their peers in categories such as dealing with 
problems, ability to hide feelings, how often they choose clothes and other personal 
items, their plans for the future, and their overall independence. 
Table 6. BAPQ Score - Child Daily and Emotional Functioning 
Functional Domain Mean Range 
Standard 
Deviation 
Daily 
Functioning 
Social Functioning 8.95 6-15 2.42 
Physical 
Functioning 
5 1-10 2.21 
Emotional 
Functioning 
Depression 7.38 0-14 3.77 
General Anxiety 11.67 1-31 7.45 
Pain-Related 
Anxiety 
6.57 0-18 5.17 
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Table 7. Child BAPQ Responses Regarding Family Life 
 Family Life Perceptions (%) 
N=22 Mean 
(SD) 
Never Hardly 
Ever 
Sometimes Often Always 
Family life is 
stressful 
1.318 
(1.211) 
6  
(27.27) 
9 
(40.91) 
2 
(9.10) 
4 
(18.18) 
1 
(1.113) 
We do fun 
activity as a 
family 
2.318 
(0.945) 
0  
(0) 
4 
(18.18) 
10 
(45.45) 
5 
(22.73) 
3 
(13.64) 
There are fights 
between 
members of my 
family 
1.409 
(0.854) 
3 
(13.64) 
9 
(40.91) 
8 
(36.36) 
2 
(9.10) 
0 
(0) 
My parent 
seems worried 
1 
(0.976) 
9 
(39.13) 
5 
(22.73) 
7 
(31.82) 
1 
(4.55) 
0 
(0) 
I feel close to 
other family 
members 
2.955 
(0.899) 
0 
(0) 
2 
(9.10) 
3 
(13.64) 
11 
(50) 
6 
(27.27) 
My family is 
happy 
3.091 
(0.750) 
0 
(0) 
0 
(0) 
5 
(22.73) 
10 
(45.45) 
7 
(31.82) 
I am unhappy 
about my 
family life 
0.955 
(1.046) 
9 
(39.13) 
7 
(31.82) 
5 
(22.73) 
0 
(0) 
1 
(4.55) 
Our family 
routines are 
disrupted 
1 
(1.113) 
10 
(45.45) 
5 
(22.73) 
4 
(18.18) 
3 
(13.64) 
0 
(0) 
My family is 
functioning 
very well 
3.045 
(1.046) 
1 
(4.55) 
0 
(0) 
5 
(22.73) 
7 
(31.82) 
9 
(39.13) 
Family 
activities get 
interrupted by 
my pain 
0.409 
(0.590) 
14 
(63.64) 
7 
(31.82) 
1 
(1.113) 
0 
(0) 
0 
(0) 
There is conflict 
in my home 
0.955 
(1.046) 
9 
(39.13) 
7  
(31.82) 
5 
(22.73) 
0 
(0) 
1 
(4.55) 
We have to 
change or 
cancel plans 
0.818 
(0.853) 
9 
(39.13) 
9 
(39.13) 
3 
(13.64) 
1 
(4.55) 
0 
(0) 
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PARENT/GUARDIAN RESULTS 
 
Parent/Guardian Descriptive Statistics 
 Table 8 indicates the demographic and descriptive data of the parents and 
guardians who completed the survey. Of the 23 parents who completed the survey, 20 of 
the parent/guardians who completed the questionnaire were female. The other 3 
parent/guardians were male. Only 2 parents reported that their child was born 
Very Behind, 1.24 A little behind, 
11.57
Same, 38.02
A little ahead, 
20.25
Very ahead, 28.93
PERCEIVED DEVELOPMENTAL LEVEL 
(%)
Figure 10. Self-reported child developmental level compared to peers. Perceived 
developmental level as reported by child on BAPQ. This pie chart depicts the 
percentage of participants that believe they are either behind, the same, or ahead of 
their peers that are the same age on developmental aspects of their lives such as 
progress in school, overall independence, dealing with problems, and overall 
confidence around other people.  
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prematurely (less than 37 weeks gestational age). All of the participating 
parents/guardians indicated their race (21 White/Caucasian and 2 African 
American/Black) and all indicated that they and their child both were not Hispanic or 
Latino.  
The highest level of education among the parents ranged from “Some College” 
(N=4) to “Professional Degree” (N=1). Most parents/guardians completed a 4-Year 
College Degree (N=12) as their highest level of education. The marital status of the 
parents/guardians included single (N=4), married (N=16), and divorced (N=3). Their 
employment statuses ranged from mostly employed for wages (N=19) to self-employed 
(N=1), unemployed (N=2), home maker (N=1), and retired (N=1).  
 
Bath Adolescent Pain – Parent Impact Questionnaire 
 The Bath Adolescent Pain-Parent Impact Questionnaire reported the following 
descriptive statistics and responses in Table 9 with regard to the different subscores 
within the questionnaire: depression, anxiety, catastrophizing, helplessness, partner 
relationship (Table 10), leisure, parental behavior, and parental strain. Higher BAP-PIQ 
scores indicate worse parental functioning within the subscore/domain and higher 
parental distress. 
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Table 8. Parent/Guardian Descriptive Data 
Characteristic Participants (%) 
Sex   
Male 3 (13.04) 
Female 20 (86.96) 
Race  
White 21 (91.3) 
Black 2 (8.7) 
Other 0 (0) 
Highest Level of Education  
Some College 4 (17.39) 
2-Year College Degree (Associates) 2 (8.7) 
4-Year College Degree (BA, BS) 12 (52.17) 
Master’s Degree 3 (13.04) 
Doctoral Degree 1 (4.35) 
Professional Degree (MD, JD) 1 (4.35) 
Employment Status  
Employed for Wages 19 (82.61) 
Self-Employed 1 (4.35) 
Unemployed 2 (8.7) 
Homemaker 1 (4.35) 
Retired 1 (4.35) 
Marital Status  
Single 4 (17.39) 
Married 16 (69.57) 
Divorced 3 (13.04) 
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Table 9. BAP-PIQ Parent Descriptive Statistics 
Subscore/Domain Mean Range Standard Deviation 
Depression 9.41 0-21 5.45 
Anxiety 7.05 0-17 5.71 
Catastrophizing 4.23 0-12 3.87 
Helplessness 5.27 0-18 5.27 
Partner 
Relationship 
10.45 0-20 5.17 
Leisure 13.55 5-20 3.89 
Parental Behavior 22.18 7-31 7.20 
Parental Strain 6.05 0-17 4.74 
 
Table 10. Parent Relationship Strain 
In the last two weeks living with my child in 
pain I have 
Mean 
(N=19) 
Standard 
Deviation 
Range 
Done fun activities with my partner 2.1053 0.8753 0-4 
Thought that my partner understood my 
needs 
2.8947 0.8093 1-4 
Felt like my partner supported me 3.3158 0.671 2-4 
Felt that our physical relationship was 
strained 
1.6316 1.0651 0-4 
Made time to spend with my partner 2.6384 0.7609 2-4 
Discussed things with my partner 3.1579 0.6882 2-4 
Felt distant from my partner 1.1579 0.7647 0-2 
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FURTHER STATISTICAL ANALYSES 
 Further statistical analyses were used to look at the data regarding pain outcomes 
and psychosocial outcomes in relation to each other (i.e. correlations and One-Way 
ANOVA). 54.55% of those reporting their worst pain in the past 6 months reported 
having pain in the moderate to severe range. The Pearson Correlation Matrix can be seen 
in Table 11. These reports of increased child pain significantly correlated with greater 
child-reported functional disability (p<.01), pain-specific anxiety (p<.01), and fear of 
pain (p<.05), as well as worse overall emotional functioning (p<.05). Increased pain-
specific anxiety was significantly associated with increased fear and avoidance (p< .01). 
Increased fear of pain was significantly associated with an increase in pain-related 
anxiety (p<.01). High FDI scores significantly correlated with increased child pain 
(p<.01), worse pain-related anxiety (p<.01), worse overall emotional functioning (p<.01), 
increased fear of pain (p<.01) and pain avoidance (p<.01).   
The results of the One-Way Analysis of Variance (ANOVA) seen in Table 12 
compared different psychosocial outcomes with the dichotomized pain outcomes of none 
to mild and moderate to severe pain. Parents of children with increased pain reported 
worse parental strain (e.g., “found my relationship with my child difficult,” p<.05). 
Children with increased pain also reported worse pain-related anxiety and overall 
emotional functioning (p<.05). 
 
 
 
 48 
 
Table 11. Pearson Correlation Matrix  
Variables 1 2 3 4 5 6 7 8 9 10 11 12 
1 Past 6 
Months 
Worst Pain 
1 .255 .198 .360 .584 
** 
.353 .505 
* 
.461 
* 
.261 -.072 .217 .557 
* 
2 BAPQ 
Physical 
Functioning 
.255 1 .233 .586 
** 
-.109 .683 
** 
.366 .024 .219 .238 .273 .135 
3 BAPQ 
Depression 
.198 .233 1 .627 
** 
.372 .038 .812 
** 
.519 
* 
.386 -.133 .182 .249 
4 BAPQ 
General 
Anxiety 
.360 .586 
** 
.627 
** 
1 .222 .377 .858 
** 
.348 .457 
* 
.269 .087 .341 
5 BAPQ  
Pain-Related 
Anxiety 
.584 
** 
-.109 
 
.372 .222 1 .136 .644 
** 
.826 
** 
.687 
** 
-.201 .014 .698 
** 
6 BAPQ  
Daily 
Functioning 
.353 .683 
** 
.038 .377 .136 1 .286 .063 .179 -.093 .116 .189 
7 BAPQ 
Emotional 
Functioning 
.505 
* 
.366 .812 
** 
.858 
** 
.644 
** 
.286 1 .690 
** 
.658 
** 
.036 .110 .555 
** 
8 FOPQ  
Pain-Related 
Fear 
.461 
* 
.024 .519 
* 
.348 .826 
** 
.063 .690 
** 
1 .736 
** 
-.070 -.129 .591 
** 
9 FOPQ  
Pain 
Avoidance 
.261 .219 
 
.386 .457 
* 
.687 
** 
.179 .658 
** 
.736 
** 
1 .130 .014 .719 
** 
10 ARCS  
Parent 
Protectivenes
s 
-.072 .238 
 
-
.133 
.269 -.201 -.093 .036 -
.070 
.130 1 -.020 -.041 
11 BAP-PIQ 
Parent 
Depression 
.217 .273 .182 .087 .014 .116 .110 -
.129 
.014 -.020 1 -.046 
12 FDI  
Total Score 
.557 
** 
.135 .249 .341 .698 
** 
.189 .555 
** 
.591 
** 
.719 
** 
-.041 -.046 1 
 
 
 
 
 
**Correlation is significant at the 0.01 level (2-tailed) 
* Correlation is significant at the 0.05 level (2-tailed) 
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Table 12. ANOVA with Dichotomized Pain Outcomes 
 Sum of Squares df Mean Square F Sig. 
BAPQ Physical 
Functioning 
Between Groups 4.773 1 4.773 .973 .336 
Within Groups 93.227 19 4.907   
Total 98.000 20    
BAPQ Depression 
Between Groups 18.371 1 18.371 1.309 .267 
Within Groups 266.582 19 14.031   
Total 284.952 20    
BAPQ General 
Anxiety 
Between Groups 116.158 1 116.158 2.224 .152 
Within Groups 992.509 19 52.237   
Total 1108.667 20    
BAPQ Pain-Related 
Anxiety 
Between Groups 157.406 1 157.406 7.917 .011 
Within Groups 377.736 19 19.881   
Total 535.143 20    
BAPQ Daily 
Functioning 
Between Groups 21.143 1 21.143 2.031 .170 
Within Groups 197.809 19 10.411   
Total 218.952 20    
BAPQ Emotional 
Functioning 
Between Groups 762.307 1 762.307 5.783 .027 
Within Groups 2504.645 19 131.823   
Total 3266.952 20    
FOPQ Pain-related 
Fear 
Between Groups 314.244 1 314.244 4.145 .056 
Within Groups 1440.327 19 75.807   
Total 1754.571 20    
FOPQ Pain 
Avoidance 
Between Groups 35.658 1 35.658 .893 .357 
Within Groups 759.009 19 39.948   
Total 794.667 20    
ARCS Parent 
Protectiveness 
Between Groups 20.573 1 20.573 .165 .689 
Within Groups 2371.236 19 124.802   
Total 2391.810 20    
BAP-PIQ Parent 
Depression 
Between Groups 15.291 1 15.291 .487 .494 
Within Groups 564.909 18 31.384   
Total 580.200 19    
Total FDI Score 
Between Groups 17.839 1 17.839 2.340 .143 
Within Groups 144.827 19 7.622   
Total 162.667 20    
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DISCUSSION 
The descriptive, demographic findings from this investigation aligned with 
previous research done with this population of children that have serious, progressive 
curves due to AIS. More females than males were enrolled in this particular study which 
makes sense since females are more prone to have curves that progress to a point that 
needs surgical intervention. The mean age of the female participants at surgery was also 
significantly younger than the mean age of the males which agrees with previous 
research.  
The results of the administered REDCap Questionnaire reported pain scores, 
52.4% of the patients experienced moderate severe pain in the past 6 months. At the time 
of survey completion, 63.64% reported none to mild pain the past week. The functional 
disability index score of all of the patients fell in the low functional disability level group 
which indicates that their pain does not stop them from doing their normal daily 
activities. With regard to development and felt that they were developmentally ahead of 
children their same age that have not undergone spinal fusion surgery as treatment for 
AIS. For the most part, the children who participated in this study reported having 
positive perceptions about their individual family lives. 
It was identified that the higher level of pain the child experienced the greater 
they scored on the functional disability index. These children with higher levels of pain 
also experienced higher levels of pain-specific anxiety, increased fear regarding pain, and 
worse overall emotional functioning. The parents of these children indicated that they had 
more parental strain from living with a child who had high levels of pain. Children 
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reporting higher levels of pain-related anxiety also reported high levels of functional 
disability.  
Knowing the results and connections between all of these psychosocial domains 
and environmental factors can further our understanding of the connection between all of 
the aspects of the pain experience. As these are preliminary results, it is our hope that the 
ongoing data collection in this study will give way to even more correlations and 
interconnections between important predictors of pain. With this information, more 
efforts can be made to study and prevent the development of chronic postsurgical pain.  
Despite not reaching the proposed sample size of 100 enrolled participants, we 
still managed to obtain statistically significant data from our underpowered sample. This 
is extremely promising for the future directions of this study as data collection is 
ongoing. Also to address the issue of not having enough participants, we are working to 
expand the targeted population from pediatric patients who have undergone spinal fusion 
surgery to pediatric patients who have undergone major orthopedic surgery, including hip 
osteotomy. Adding the pediatric hip osteotomy cohort would certainly be a great control 
group against which we could compare pediatric spinal fusion surgery patients’ data. By 
including the hip cohort and potentially expanding the clinics and hospitals involved 
(multisite), we can work with other pain professionals around the nation to all reach the 
goal of preventing persistent pediatric pain from developing into adulthood. Currently we 
are working on a collaboration with the University of Iowa Children’s Hospital to make 
this a multisite study which would also increase the number of participants. 
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With respect to reducing the incidence of chronic postsurgical pain, we must 
understand the genetics of pain. Learning more about this aspect will allow us to have 
individualized treatment methods to help prevent and manage each patient’s pain in a 
specific manner. Genetics could potentially be the future of pain treatment medicine 
which is why we are collecting each patient’s blood for genetic analysis in a separate 
prospective longitudinal study spinal fusion of pediatric AIS patients that is currently 
ongoing. Another way to reduce the incidence of pediatric chronic postsurgical pain is to 
observe each patient as he or she goes through the preoperative, perioperative, and 
postoperative stages of their major orthopedic surgery to see if responses and outcomes 
depending on different time periods with regard to the time of surgery will change or 
affect the development of CPSP. 
 Identifying the correlates of poor long-term outcomes in pediatric patients with 
postsurgical pain may prevent the development of chronic pain into adulthood. With 
recent economic costs of adult chronic pain estimated to be between $560 to $635 billion 
per year, research on the role of persistent pain in children is of utmost importance in 
order to positively impact pre-surgical preparation, perioperative and postsurgical care, 
and in potentially preventing disabling pain into adulthood for a population at 
considerable risk. 
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